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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a timing skew adjustment device in which timing skew between two or more I/O pins is 
adjusted the 1st adjustable delay circuit (13 23) which gives predetermined signal propagation delay 
time to an output pin which should carry out skew adjustment A timing measurement circuit which 
measures time difference between the 1st signal and reference signals which were taken out from said 
output pin (14, 15, 27), Said time difference measured by said timing measurement circuit (14, 15, 27) is 
embraced, and it is said 1st adjustable delay circuit (13 23). A timing skew adjustment device 
characterized by preparing an equalization circuit (10) which adjusts the amount of delay set up. 
[Claim 2] A timing skew adjustment device characterized by providing the following in which timing 
skew between two or more I/O pins is adjusted The 2nd adjustable delay circuit which gives 
predetermined signal propagation delay time to an input pin which should carry out skew adjustment 
(26) A timing measurement circuit which measures time difference between the 2nd signal which is 
given to said input pin, and which performed skew adjustment to a reference signal beforehand, and the 
3rd signal outputted from said 2nd adjustable delay circuit (26) (27) An equalization circuit which 
adjusts the amount of delay set as said 2nd adjustable delay circuit (26) according to said time difference 
measured by said timing measurement circuit (27) (29) 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is a thing about the timing skew adjustment device in an 

automatic test equipment. 

[0002] 

[Description of the Prior Art] In an automatic test equipment, especially the automatic test equipment of 
IC, two or more I/O pins are connected to the trial IC-ed, a digital pattern train is added to the trial IC-ed 
from a testing-device side, and the quality examined [ IC ] is judged by comparing with the expected 
pattern which set up the response from the IC beforehand. In this case, it is necessary to adjust timing 
skew between [ of an automatic test equipment ] I/O pins. However, if the number of pins of the I/O pin 
of an automatic test equipment increases, trouble will be caused, when the time amount which 
adjustment of the timing skew between pins takes becomes long and needs readjustment on 
employment. 

[0003] Drawing 3 is drawing having shown an example of the timing skew adjustment device of the 
output pin in the conventional automatic test equipment, (a) shows the circuit block diagram and (b) 
shows the wave form chart of each part, respectively. In the main part 31 of a testing device, the 
adjustable delay circuit 34 for giving predetermined signal propagation delay time to an output pin is 
formed for every output pin, and Signal A is taken out from the driver circuit 32 connected to this. The 
output signal A from a driver circuit 32 is connected to the plus side input terminal of a comparator 33, 
and the level power circuit 30 within the main part 3 1 of a testing device is connected to a minus side 
input terminal. 

[0004] Fixed voltage is impressed to a comparator 33 by this at a minus side input terminal, and when 
the signal A given to a plus side input terminal through a driver circuit 32 exceeds the voltage level set 
up by this level power circuit 30, it operates so that the output signal B of a comparator 33 may become 
high-level. In this case, a comparator 33 constitutes the comparator circuit of the input pin which skew 
adjustment was beforehand carried out and was proofread. D type flip-flop 35 is formed in the main part 
3 1 of a testing device, Signal B is impressed to the data input terminal D, and in the timing input 
terminal C, the signal which Signal C was impressed and was inputted into the data input terminal D to 
this timing is latched, and is taken out from an output Q as a signal D. 

[0005] The signal A with a wave as shown in drawing 3 (b) from a driver circuit 32 is outputted. 
Subsequently, it judges by investigating the output state of Signal D for whether there is any paddle into 
which Signal B is inputted by D type flip-flop 35 to the timing of Signal C. Yes, the condition of the 
output signal D of a flip-flop 35 serves as either of the low level according to the condition of Signal A. 
In the wave of a continuous line as Signal A shows in drawing, it becomes with a low level, and, in a 
wave as shown by the dotted line, becomes high-level to the timing of Signal C. If the point that the 
condition of the output signal D of a flip-flop 35 changes from a low to a high is searched for, it will 
mean that skew adjustment of the output signal A of a driver circuit 32 was carried out by the input side 
of a comparator 33 since Signal C was a signal which comes to the timing proofread under the input of a 
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comparator 33. 

[0006] In addition, in order to search for the point that the condition of the output signal D of a flip-flop 
35 changes from a low to a high, the method called the successive comparison method which switches 
the signal line which controls the amount of delay of the adjustable delay circuit 34 while looking at the 
condition of an output to the smaller one one by one from the one where weight is larger is used. By this 
method, except for a signal line with the largest weight, all are first set among the control signal lines of 
the adjustable delay circuit 34, and the condition of the output signal D of a flip-flop 35 is checked, the 
condition of an output signal D ~ yes — if it comes out, a signal line with the largest weight is set since 
delay is small, if it is, and it is a low — as it is — ** — it carries out. Only the signal line of eye this Tokiji 
watch is reset, and the signal line with weight smaller than it is changed into the condition of having 
been set. Subsequently, the same process as having checked and mentioned the condition of an output 
signal D above is repeated. A skew value is continuously acquired until it results such a procedure in a 
signal line with the smallest weight. 

[0007] In order to perform such a process, it judges based on the condition of an output signal D, and 
since closed-loop-control of setting and resetting the signal line of a delay circuit 34 is needed, the 
computer which generally controls an automatic test equipment is used. In order that such hardware may 
be sequential-set up, and a computer may operate it and may repeat a judgment, about one output pin, 
adjustment of a remarkable count will be needed and it will require great time amount. 
[0008] 

[Problem(s) to be Solved by the Invention] By the conventional timing skew adjustment method, since 
there is usually one computer, it needs time amount only with very long adjustment of timing skew with 
the equipment which had to carry out sequential execution about all output pins, and had the output pin 
of a large number 256,512. Such processing of the time of the skew adjustment by the side of a 
comparator is also the same, it must be assigned for performing skew adjustment of the pin of all I/O 
only for skew adjustment of a very long. time amount automatic test equipment, and there is a problem 
that the time amount which cannot be used for the purpose of equipment original will increase sharply in 
it. 

[0009] This invention shortens sharply the time amount which skew adjustment takes adjustment of 
timing skew by making a high speed and the device performed efficiently build in in an automatic test 
equipment, and aims at offering the timing skew adjustment device which enables efficient employment 
of equipment. 
[0010] 

[Means for Solving the Problem] In order to attain this purpose, in this invention, the adjustable delay 
circuit 13-23 which gives predetermined signal propagation delay time to an output pin which should 
carry out skew adjustment, the timing-measurement circuit 14-15-27 which measures time difference of 
a signal and a reference signal which were taken out from an output pin, and an equalization circuit 
which adjusts the amount of delay set as the adjustable delay circuit 13-23 according to time difference 
measured by the timing measurement circuit 14-15-27 are prepared. 

[001 1] The timing-measurement circuit 27 which measures the time difference between the adjustable 
delay circuit 26 which gives predetermined signal propagation delay time to an input pin which should 
furthermore carry out skew adjustment of this invention, and a signal with which an input pin is given, 
and which performed skew adjustment to a reference signal beforehand and a signal taken out from the 
adjustable delay circuit 26, and the equalization circuit 29 which adjust the amount of delay set up by 
the adjustable delay circuit 26 according to the time difference measured by the timing-measurement 
circuit 27 form. 
[0012] 

[Function] It has the timing measurement circuit which acquires directly the correction value which is 
needed in case a skew is adjusted for every pin, and he acquires the correction value of each pin by the 
timing measurement circuit, and is trying to adjust the amount of delay of an adjustable delay circuit 
according to the acquired time difference in this invention. Therefore, shortening and parallel processing 
of an adjustment procedure become possible. 
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[0013] 

[Example] Drawing 1 is drawing showing one example of the timing skew adjustment device 
concerning this invention. The circuit diagram showing an example of the timing measurement circuit 
where drawing 1 (a) is used with a circuitry block diagram, and (b) is used by this invention, and (c) are 
the wave form charts showing the signal wave form of each part. In the main part 1 1 of a testing device, 
the adjustable delay circuit 13, the flip-flop 14 and the time amount- voltage conversion circuit 15 which 
give predetermined signal propagation delay time to an output pin, DC amplitude-measurement circuit 
16, and the equalization circuit 10 are incorporated. 

[0014] From an output pin to carry out skew adjustment, Signal E is outputted through a driver circuit 
12. This signal E is connected to the set input terminal S of a flip-flop 14. On the other hand, a reference 
signal F is inputted into the reset input terminal R. From an output terminal Q, Signal G is outputted and 
this is given to the input terminal of the time amount- voltage conversion circuit 15. A flip-flop 14 and 
the time amount voltage conversion circuit 1 5 constitute a timing measurement circuit, and measure the 
time difference between a reference signal F and the signal of the output pin which performs skew 
adjustment. This time difference is changed into voltage and measured by DC amplitude-measurement 
circuit 16 as DC voltage. Since this DC amplitude-measurement circuit 16 is built in routine test 
equipment, it can use this. The adjustment value of a predetermined time delay is computed according to 
the time difference measured by DC amplitude-measurement circuit 16, and the propagation delay time 
of the adjustable delay circuit 13 is adjusted through an equalization circuit 10. 
[0015] Drawing 1 (b) is the circuit diagram having shown the example of 1 configuration of a timing 
measurement circuit. Signal E-F as shown in drawing 1 (c) is given to the set input terminal S of a flip- 
flop 14, and the reset input terminal R, respectively, a flip-flop 14 is operated, and the signal G which 
shows the time difference of signal E-F is acquired. This signal is inputted into the control-input 
terminal of the switching device 18 by which pair connection was made, and an output terminal is 
connected to a constant current source through a capacitor 19. The period and switch 18 which are 
equivalent to time difference by this with Signal G turn on. Therefore, fixed time amount charge is 
performed to a capacitor 19, and the voltage proportional to the turned-on period, i.e., the period 
equivalent to the time difference of signal E-F, is obtained from a constant current source as a signal H. 
Time difference can be known if it measures by DC amplitude-measurement circuit 16 in which this 
voltage is contained by the main part 1 1 of a testing device. 

[0016] Drawing 2 shows configuration block drawing showing other examples of this invention, and the 
wave form chart of each part. In this example, in order to perform skew adjustment of not only an output 
pin but an input pin, the transfer switch 21 is formed. For skew adjustment of an output pin, the 
adjustable delay circuit 26 is used, respectively for the adjustable delay circuit's 23 skew adjustment of 
an input pin, and the amount of delay is determined by the equalization circuit 29 according to the time 
difference signal from DC amplitude-measurement circuit 28, and these are constituted so that it may be 
given to the adjustable delay circuit 23-26. 

[0017] Since the configuration of a driver circuit 22, a comparator 24, D type flip-flop 25, the level 
power circuit 20, and the timing measurement circuit 27 is the same as that of what was shown in 
drawing 1 respectively, the details explanation is omitted. The case where skew adjustment of an output 
pin is performed using the configuration shown in drawing 2 (a) is explained. 

[0018] In this case, only contact [ of a switch 21 ] ** and ** are turned on and it considers as the same 
connection configuration as drawing 1 (a). It sets up so that the signal M outputted from a driver circuit 
22 may come previously beforehand from a reference signal J, namely, so that it may become timing 
relationship as shown in drawing 1 (c). And the time difference between Signal M and a reference signal 
J is measured. The amount of delay which should be set as the adjustable delay circuit 23 based on this 
measured value is given to the adjustable delay circuit 23 by the equalization circuit 29, and skew 
adjustment is performed. In order to enable it to perform exact skew adjustment by measurement of this 
Tokikazu time, the set point of the adjustable delay circuit 23 and the relation of the amount of delay are 
measured and obtained by the option. And what is necessary is just to give this to the adjustable delay 
circuit 23 by the equalization circuit 29. 
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[0019] All output pins are followed in the same procedure, and skew adjustment is performed. Since the 
actuation which switches the control line unlike the conventional method is not needed if it does in this 
way, the count which adjustment takes can be lessened considerably. Next, the method of skew 
adjustment of an input pin is explained. In this case, only contact [ of a switch 21 ] ** and ** are turned 
on and the signal M which performed skew adjustment from the driver circuit 22 to the reference signal 
J beforehand is inputted into a comparator 24. Furthermore, the signal K which serves as timing 
relationship as shown in drawing 2 (b) is inputted into the timing input terminal C of a flip-flop 25, and 
the time difference between Signal M and Signal K is measured. 

[0020] Adjustment of a skew must set up the amount of delay which added the setup time of a flip-flop 
25 to the measured time difference, in order to have to perform storage maintenance actuation by Signal 
K at the moment Signal M arrived at the input terminal of a flip-flop 25. What is necessary is to measure 
this setup time by th'e option, to apply the amount of delay obtained from measured value, and this value 
in the case of skew adjustment, and just to define the amount of delay of the adjustable delay circuit 26. 
[0021] What is necessary is for the computer which controls a testing device just to perform each of 
such count. If it does in this way, the count which adjustment takes like the case of an output pin can be 
lessened considerably, and skew adjustment can be performed efficiently. Moreover, since it becomes 
possible to arrange in parallel and perform skew adjustment of an input pin by making the timing 
measurement circuit 27 build in each pin, adjustment time amount can be shortened sharply. 
[0022] 

[Effect of the Invention] Since according to this invention it had the timing measurement circuit which 
acquires needed correction value directly for every pin when adjusting a skew, the time amount which 
skew adjustment takes can be shortened sharply. Therefore, efficient employment of equipment and 
reduction of inspection cost can be aimed at. Furthermore, since it realizes by easy and cheap circuitry, 
the skew adjustment device of this invention is easy also for IC-izing, and it can be realized, without 
affecting the price of equipment so much. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing one example of the timing skew adjustment device of this invention. 

[Drawing 2] Drawing showing other examples of this invention. 

[Drawing 3] Drawing showing the conventional timing skew adjustment device. 

[Description of Notations] 

1 1 Main Part of Testing Device 

13 23 Adjustable delay circuit 

14 Set-reset Mold Flip-flop 

1 5 Time Amount- Voltage Conversion Circuit 

16 28 DC amplitude-measurement circuit 
10 29 Equalization circuit 

26 Adjustable Delay Circuit 

27 Timing Measurement Circuit 



[Translation done.] 
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